Nucleoprotein (NP) intermediates in the assembly pathway of parvovirus LuIII were isolated. These structures consist of replicating viral DNA and of preformed viral capsids into which progeny viral DNA is encapsidated concomitant with synthesis. The NP complexes sediment at between 70S and 100S. They are unstable in CsC1 and dissociate in the presence of 1 M-NaCI. After fixation with glutaraldehyde, however, they accumulate at a density of 1-37 g/ml in CsC1 gradients. Electron microscopy of fixed complexes revealed structures consisting of DNA threads associated with capsidlike particles. A considerable proportion of the DNA labelled during short pulses in such complexes, in a subcellular in vitro system derived from infected nuclei, can be effectively chased into 110S virions. The resulting 110S particles apparently have to undergo a sequence of morphogenic events to acquire the physicochemical properties of the mature infectious parvovirus.
INTRODUCTION
Replication of parvoviruses is confined to the nucleus of an infected cell. Synthesis of progeny viral DNA, accumulation of viral proteins in the form of empty capsid structures and assembly of complete virions were found to occur in close association with cellular extranucleolar chromatin Singer & Toolan, 1975; Singer, 1975 ; Singer & Rhode, 1978) . These observations suggest that the synthesis of progeny parvovirus DNA and parvovirus morphogenesis are closely related processes. Moreover, empty viral capsids seem to play an important role as intermediates in the pathway of virion assembly (Gautschi et al., 1978; Myers & Carter, 1980) . Based on these observations, Gautschi et al. (1978) and Gautschi & Reinhard (1978) have developed an in vitro system derived from parvovirus LulII-infected, Brij-58-1ysed cells. The system was shown to allow both the in vitro synthesis of progeny viral DNA and its subsequent encapsidation into complete virus particles. Recently (Muller & Siegl, 1983) , it was shown to be possible to select experimental parameters which, in contrast to previous results, enabled the demonstration of the encapsidation of LulII virus DNA concomitant with DNA synthesis. The virus particles formed under these conditions sediment at about 110S. Apparently, however, they have to undergo a distinct sequence of morphogenic events before they acquire the stability and density characteristics of the mature parvovirion. The previous studies also suggested that most of the structural intermediates in the morphogenesis of a parvovirus are rather short-lived and probably have escaped attention due to their extraordinary lability. Therefore, we attempted isolation of the complexes consisting of replicating viral DNA and capsid structures and tried to resolve the fate of the components in the course of pulse-chase in vitro experiments. Here we describe the method of isolation of these nucleoprotein structures and the initial characterization of their physical and chemical properties.
0022-1317/83/0000-5360 $02.00 © 1983 SGM Extraction ofnucleoprotein complexes. Various procedures, developed for the extraction of intermediates in the assembly of papovavirus (Fanning & Baumgartner, 1980; Jakobovits & Aloni, 1980; Fernandez-Munoz et al., 1979) and adenoviruses (Seidman & Salzman, 1979; Tibbetts & Giam, 1979) , were tried to extract nucleoprotein complexes from parvovirus-infected cells. The most consistent results were obtained with the method described by Fernandez-Munoz et al. (1979) . This technique was therefore modified to our needs.
Incorporation of radioactive precursors into DNA in the in vitro system or in LulII-infected cells was stopped by dilution of samples with an equal volume of ice-cold TD buffer: 25 mM-Tris-HCl pH 7-4, 0-136 M-NaCI, 7 mM-KCI and 0.7 mM-Na2HPO4. The cell lysate or LulII-infected cells were then centrifuged at 10000 g for 1 min. The resulting pellet was resuspended in ice-cold TD buffer at 107 cells/ml and Nonidet P40 was added to a final concentration of 0.5~. The cell lysate or LullI-infected cells were then broken by 50 strokes in a tighly fitting Dounce homogenizer at 0 °C, the extract was layered onto linear 5 to 40~ sucrose gradients in 2 mM-Tris-HC1 pH 7-4 and centrifuged in a Beckman SW50.1 rotor at 4 °C and 40000 rev/min for 70 min. Fractions of the gradients were collected from the bottom of the tubes and the trichloroacetic acid (TCA)-insoluble radioactivity in 20 p,1 amounts of each fraction was determined (Muller & Siegl, 1983) .
Glutaraldehyde fixation of nucleoprotein complexes and determination of buoyant density. Fractions of sucrose
gradients containing LulII nucleoprotein (NP) complexes were pooled. Aliquots of these pools were fixed with glutaraldehyde according to Baltimore & Huang (1968) . For this purpose, 0-1 ml of 25~ glutaraldehyde neutralized with 1 M-NaHCO 3 was added to 0.3 ml of the pooled fractions and the mixture was incubated at 0 °C for 15 min. Fixed and unfixed samples were layered onto a preformed 1-2 to 1.6 g/ml CsC1 gradient in 10 mM-Tris-HC1 pH 7.9, 1 mM-EDTA, 0-1 ~ Triton X-100 and then centrifuged in a Beckman SW50.1 rotor at 20 °C and 32 000 rev/min for l 5 h. Gradients were fractionated from the bottom of the tubes and radioactivity of each fraction was assayed by liquid scintillation spectrometry. The density of individual fractions was determined as described by Gautschi et al. (1976) . Digestion of NP complexes with DNase. Fractions of sucrose gradients containing NP complexes were pooled and, after dilution with an equal volume of 20 mM-Tris-HCl pH 7-4, were digested with 80 ktg/ml DNase I in the presence of 0.6 M-N aCl and 60 mM-MgCI 2 at 37 °C for 30 min. The reaction was stopped by addition of EDTA and Sarkosyl-NL-97 (SLS) to final concentrations of 10 mM and 0-5~0 (w/v) respectively. After further incubation at 37 °C for 1 h, the digests were loaded onto linear 5 to 40~ sucrose gradients containing 2 mM-Tris-HCl pH 7.4, and were centrifuged in a Beckman SW50.1 rotor at 4 °C and 40000 rev/min for 70 min. Fractions were collected from the bottom of the tubes into scintillation vials.
Digestion of NP complexes with Pronase and SDS.
Individual fractions pooled from 5 to 40~ sucrose gradients were digested with 0-5 mg/ml Pronase in the presence of 0.5 ~ SDS at 34 °C for 30 rain. The digested fractions were electrophoresed in a 1 ~o agarose gel under non-denaturing conditions (Muller & Siegl, 1983) . LulII virus particles, either denatured with 0.1 M-NaOH or digested with Pronase-SDS, served as markers.
Extraction of DNA from NP complexes. Individual fractions pooled from sucrose gradients were dialysed in 10 mM-Tris HCI pH 7-6, 10 m~f-EDTA and digested with 200gg/ml proteinase K in the presence of 0-6~o SDS at 37 °C for 1 h. DNA isolated from these fractions was extracted twice with an equal volume of phenol~chloroform (1 : 1, v/v) and collected from the aqueous phase by precipitation with ethanol in the presence of 0-5 M-NaCI at -20 °C as described by Muller & Siegl (1983) . The resulting pellet was resuspended in 10 mM-Tris-HC1 pH 8.0, 1 mM-EDTA (TE buffer).
Characterization of DNA extracted Ji'om NP complexes. The sedimentation characteristics of labelled DNA extracted from NP complexes were analysed in alkaline CsCI (p = 1.5 g/ml) as has been described by . Nucleic acid was also analysed by electrophoresis in 1 ~ agarose gels both in the native state and after denaturation with 0.1 M-NaOH. DNA was located in the gels either by staining with ethidium bromide or by autoradiography (Muller & Siegl, 1983) . Single-stranded (ss) and double-stranded (ds) viral DNA, as well as fragments of bacteriophage 2 DNA generated by digestion with restriction endonuclease HindlII served as size markers.
Labelling and identification of proteins associated with NP complexes. Proteins of synchronized mock-infected or LullI-infected NB cells were labelled with [35S]methionine (10 to 20 IxCi/ml, sp. act. > 600 Ci/mmol). Twelve to 14 h after infection, monolayer cell cultures were incubated in a culture medium lacking methionine and radioactive methionine was added for 1 to 3 h at 37 °C. At 15 h post-infection, the cells were harvested and either directly suspended in TD buffer containing 0.5 ~ Nonidet P40, or lysed with 0.01 ~o Brij-58 and incubated in the presence of the reaction mixture supplemented with 0.1 mM-dTTP at 30 °C for 1 h. The cell lysate was homogenized and nucleoprotein complexes were isolated by sedimentation in sucrose gradients as described above.
The pooled [35S]methionine-labelled structures had to be concentrated for further analysis. For this purpose, the samples were diluted with TE buffer to reduce the sucrose concentration to 5~ and then were centrifuged in a Beckman SW50.1 rotor at 20 °C and 45000 rev/min for 120 min. The resulting pellet was resuspended in 100 ~tl TE buffer and proteins were separated by electrophoresis on a 7.5 ~ discontinuous SDS-polyacrylamide gel according to Laemmli (1970) .
Electron microscopy of NP complexes. The nucleoprotein complexes were prepared for electron microscopy according to Thoma & Koller (1977) , both in the native state and after fixation with glutaraldehyde. For the latter purpose, 10 ~tl amounts of the pools were diluted tenfold with a solution containing 0-1 ~ glutaraldehyde, 10 raMsodium acetate and 5 mM-triethanolamine acetate at pH 7-9. The sample was kept for 60 rain at room temperature. BAC (benzylalkylammonium chloride) (Vollenweider et al., 1975) was added to a final concentration of 2 x 10-4~ from a 0"2~o stock solution in formamide. Droplets of 5 lal were applied to electron microscope grids covered with a parlodion-carbon film. Adsorption of the sample to the carbon supports was allowed to take place for 10 min. The grids were then washed by floating on distilled water for 10 min, dehydrated in ethanol, and blotted dry on filter paper. For contrast enhancement, the grids were rotary-shadowed with a platinum : palladium alloy (80 : 20) at an angle of 7 °. Micrographs were taken at a direct magnification of between 10000 and 25000 in a Philips EM 300 electron microscope calibrated with a grating replica.
RESULTS

Isolation of LulII nucleoprotein complexes
In our attempts to isolate and to characterize labile and short-lived intermediates in the assembly of parvovirus LulH we have tried to adapt various methods originally developed for similar studies with SV40 and adenovirus (Fanning & Baumgartner, 1980; Jakobovits & Aloni, 1980; Fernandez-Munoz et al., 1979; Seidman & Salzman, 1979; Tibbetts & Giam, 1979) . Most of these procedures either gave poorly reproducibleresults as far as recovery of nucleoproteins in the extracts was concerned, or led to the breakdown of the complex structures in an unpredictable and irreproducible manner. The method described by Fernandez-Munoz et al. (1979) , however, proved to be effective and gentle enough to allow qualitatively and quantitatively reliable pulse-chase experiments. Only the results obtained by this technique are presented. Fig. 1 shows the sedimentation profiles of structures labelled in ttle in vitro system with [3H]dTTP for 15 min (Fig. 1 a) and chased for an additional I05 rain with unlabelled dTTP (Fig.  1 b) . At the end of the pulse, radioactivity was associated with various structures sedimenting at 70S to 155S; 110S complete virions did not appear to be present in detectable quantity. During the chase period, however, a considerable amount of label shifted to the position of the complete virion ( Fig. 1 b) .
Previous observations (Muller & Siegl, 1983) suggested that in vitro labelling with [3H]dTTP for pulses as short as 15 min allows detection of only rather small amounts of 110S particles due to the low specific activity of the radioactive precursor (30 Ci/mmol). Labelling of NP complexes with [32p]dTTP of about 100-fold higher specific activity, however, gave essentially the same results ( Fig. 2a to c) . In consequence, the 110S virus particles that had become labelled in the in vitro system during [32p]dTTP pulses as short as 1 min (Muller & Siegl, 1983) either are not recovered by the extraction procedure applied here or are hidden within the 70S to 110S complexes.
It has to be emphasized that the in vitro labelled complexes do not contain significant quantities of prelabelled cellular DNA ( Fig. 1 and 2 ). Moreover, prelabelled cellular DNA is not specifically associated with a distinct component of the sedimentation profile. Finally, the possibility that the structures separ~ited in the sucrose gradients are artefacts, generated only 
Digestion of NP complexes with DNase I
The pulse-chase experiments illustrated in Fig. 1 and 2 suggested that 110S virus particles might be hidden in a multicomponent structure which sediments between 70S and 100S. To test for this possibility, fractions of sucrose gradients were pooled as indicated in Fig. 1 , digested with DNase I and resedimented in sucrose gradients. This treatment released a largely homogeneous population of 110S particles both from the complexes present at the end of the 15 min pulse and after an additional chase of 105 rain (Fig. 3) . After a pulse of 15 rain, the radioactivity contained in the 110S peak is equivalent to only 1 or 2~ of the label associated with the 70S to 100S structures. After the chase, however, the radioactivity in DNase-resistant 110S particles accounted for 15 to 20~ of that in these complexes.
The DNA of 110S particles liberated from the 70S to 100S complexes was of genome size. It co-sedimented with in vivo labelled viral DNA at 16S in alkaline gradients and was found at the same position as this molecule when electrophoresed in agarose gels (data not shown).
The nucleic acid components of the 70S to IOOS NP complexes
Viral low molecular weight DNA can be labelled with [32p]dTTP in the in vitro system even during pulses as short as 30 s. From such an in vitro system, as well as from a system labelled for 30 s and chased for 60 min in the presence of cold dTTP, NP complexes were separated by sucrose gradient sedimentation and the labelled DNA contained in pooled gradient fractions was analysed by agarose gel electrophoresis. After the pulse of 30 s, almost no labelled DNA was found in structures sedimenting at > 100S (lanes 1 to 3 in Fig. 4a, c) . The fractions containing the 70S to 100S complexes (lanes 4 and 5 in Fig. 4a, c) A more complete picture of the association of pulse-labelled D N A with N P complexes was obtained by digestion of such structures with Pronase in the presence of SDS and electrophoresis of the products in agarose gels. As indicated in lane 15 of Fig. 5 , digestion of mature, infectious LuIII virions with Pronase was incomplete and encapsidated v D N A apparently remained associated with capsid proteins. Consequently, such molecules show an aberrant electrophoretic mobility by which they can be separated from double-stranded v D N A as well as from individual complementary single strands (Fig. 5, lane 14) . Incubation of the fractions of the sucrose gradient depicted in Fig. 2(c) with Pronase and electrophoresis of the products in 1 ~ agarose gels yielded the results presented in Fig. 5 . The first 18 fractions of this gradient all contained d s R F D N A . Besides this species, fractions 9 and 10, 11 and 12 and 13 and 14 (corresponding to the gel lanes 4, 5 and 6 respectively), which are part of the 110S virus peak, contained structures apparently derived from virus particles as well as a considerable quantity of nucleic acid mole- 
The protein component o f N P complexes
Depending on the time of incubation, between 1 and 20 ~ of in vitro labelled D N A of the 70S to 100S complexes was not accessible to digestion by DNase I (Fig. 3) . Presumably, it is 'wrapped up' in protein. In accordance with previous observations (Gautschi & Reinhard, 1978; Gautschi et al., 1978) we found, however, that in the in vitro system only insignificant quantitites of radioactive amino acids were incorporated into acid-precipitable molecules (data not shown). Therefore, all proteins finally detected in the 70S to 100S N P complexes must already be present in the nuclei at the time of cell lysis.
To identify the proteins, synchronized, LuIII virus-infected cells were labelled for 1 to 3 h in vivo with [3SS]methionine ([35S]Met) before the in vitro system was prepared. N P complexes were then extracted directly or after preparation and incubation of the in vitro system with dTTP. As is evident from Fig. 6(a) greater proportion sedimented between 80S and 90S or, at 70S, showed the sedimentation characteristic of empty viral capsids. The majority of label, however, trailed behind these structures, as far as the top of the gradient. After preparation of the in vitro system (Fig. 6b ) and after incubation of the system at 30 °C for 1 h (Fig. 6c ) only about 20% of in vivo labelled proteins could be recovered by sucrose gradient centrifugation. Interestingly, the sedimentation profiles obtained under these conditions showed only barely detectable amounts of 110S particles and no structures corresponding to freely sedimenting empty capsids. Rather, the great majority of particulate, radiolabelled proteins sedimented in a broad peak at about 90S. This characteristic sedimentation profile did not change significantly when the period of in vivo labelling was extended to 3 h. SDS-polyacrylamide gel electrophoresis of fractions pooled from the 110S region, the 70S to 100S region and the < 70S region of gradients similar to those depicted in Fig. 6 revealed the presence of at least two virus-specific polypeptides (Fig. 7) . In all pools, the predominant polypeptide found had a molecular weight of 67 000. This protein is the main protein of empty parvovirus capsids (see Fig. 7c ). In the process of virus maturation, it is assumed to be 'tailored' to the final capsid polypeptide with a molecular weight of 63 000. The labelled polypeptides trailing behind the particulate structures in the gradient prepared from an extract of whole cells (Fig.  7 f) consisted in part of the 82000 and 67 000 virus-specific proteins. The majority of label, however, was contained in polypeptides also present in extracts of mock-infected cells (data not shown in detail). In contrast, comparable fractions of gradients loaded with extracts of the in vitro system (e.g. Fig. 6b, c) lacked the characteristic viral capsid proteins (Fig. 7h) .
Stability and structure of NP complexes
Attempts to determine the buoyant density of the 70S to 100S complexes revealed that these structures are rather labile. When NP complexes labelled in vivo with both [3H]TdR and [3sS]Met were centrifuged in preformed 1-2 to 1-6 g/ml CsC1 gradients, the DNA components moved to the bottom of the tubes and most of the labelled proteins accumulated on top of the gradients. Only rather small amounts of labelled particles banded at the position of the mature (1-41 g/ml) or the complete immature (1.44 g/ml) particles. This salt lability is an inherent characteristic of the complexes. It was not caused by adverse treatment in the course of isolation Samples were pooled from the gradient shown in Fig. 6 (a) and (b) and were electrophoresed in a discontinuous 7-5~ SDS-polyacrylamide gel. Highly purified mature virions (110S, 1-41 g/ml) (a), defective particles (70S to 90S, 1.33 to 1.38 g/ml) (b) and empty capsids (70S, 1.32 g/ml) (c) were coelectrophoresed as markers. Fractions were pooled from the 110S region (d), from the 70S to 100S region (e) and from the <70S region (f) of the sedimentation gradient of Fig. 6(a) . Fractions from the 70S to 100S region (g) and from the <70S region (h) were pooled from the sedimentation gradient illustrated in Fig. 6(b) . The radioactivity banding in the ! 10S region of gradient 6(b) was not sufficient to allow detection of proteins. Phosphorylase A (92000), transferrin (76000), bovine serum albumin (68000), catalase (60000) and glutamic dehydrogenase (53000) served as tool. wt. markers.
from sucrose gradients because sedimentation of freshly extracted complexes in sucrose gradients containing 1 M-NaC1 also resulted in disruption of the complexes. Under the latter conditions, a small quantity of salt-stable, 110S virions were released. On the other hand, the 70S to 100S N P complexes could readily be fixed with glutaraldehyde. They then banded homogeneously at a mean density of 1.37 g/ml in CsCI (data not shown). Virus particles and N P complexes were finally prepared for electron microscopy without, or after, fixation with glutaraldehyde. As is illustrated in Fig. 8(A) , unfixed 110S virions mostly appeared as individual, spherical particles with sharp contours and a homogeneous diameter. These features were not affected by a preceding fixation with glutaraldehyde. In contrast, unfixed 70S to 100S complexes were seen as a network of nucleic acid strands to which particles of greatly varying diameter were attached (Fig. 8 B) . Some of the particles had the shape of disrupted capsids while others were of ballooned appearance when compared to the compact structure of the mature virion.
After fixation the network of D N A was barely visible (Fig. 8 C) . Instead, individual large, deformed structures and beaded aggregates could be detected. These aggregates apparently consisted of threads of nucleic acid to which capsid structures of various sizes and of irregular outline were attached. Nucleosome-like structures (Fig. 8 F) were predominantly present in the bottom fractions of the gradients, where the majority of the prelabelled cellular D N A accumulated.
D. E. MULLER AND G. SIEGL Fig. 8 . Electron microscopy of nucleoprotein complexes. The NP complexes pooled from the sucrose gradients as described in the legend to Fig. 1 were prepared for electron microscopy according to Thoma& Koller (1977) both in the native state and after fixation with glutaraldehyde. (A) Native 110S virions; (B) 70S to 100S complexes prior to fixation; (C) and (D) 70S to 100S complexes after fixation; (E) complexes sedimenting at about 150S after fixation; (F) nucleosome-like structures present in the bottom fractions of gradients. Identical structures were found in samples derived from uninfected cells. Short arrays of nucleosomes could also be detected as contaminants in the 70S to 100S pools (see D). Arrows point to apparently mature, compact 110S virions (+--) and to ballooned, apparently immature particles (~ ). All bar markers represent 0-1 rtm.
DISCUSSION
In the accompanying paper (Muller & Siegl, 1983) , we have shown that it is possible to select experimental parameters that allow the encapsidation of de novo synthesized progeny parvovirus genomes. In the subcellular system used for these studies, encapsidation could be demonstrated after labelling of progeny vDNA for periods as short as 30 to 60 s. This necessarily suggests that synthesis and encapsidation of progeny vDNA are directly linked processes. The 110S virus particles generated by encapsidation of nascent DNA, however, are extremely labile structures. Apparently, they have to be processed in order to acquire the definitive physicochemical properties of mature parvovirions.
The NP complexes extracted from the in vitro system consist of replicating viral DNA to which virus-specific structural proteins in the form of immature empty capsids are attached. These components can be dissociated by treatment with 1 M-NaC1 or during centrifugation in CsC1 gradients. Moreover, digestion with DNase releases unstable 110S particles. After short pulses, 60 to 80~ of complex-associated, radiolabelled DNA can be chased into such complexassociated labile 110S particles. The particles then seem to be processed in contact with the complex and eventually are released as stable 110S virions ( Fig. 2 and 3) . That all these steps can be observed stresses the efficacy with which the in vitro system supports assembly to parvovirus LuIII. It should be added that preliminary experiments also point to the involvement of the NP complexes (or of structures co-sedimenting with them) in transcription of virus-specific mRNA.
There are basically four critical, and so far scarcely understood, steps in the assembly of a parvovirus. They concern the mode of replication of viral DNA, the selection of progeny single strands for encapsidation, the overall structure of the protein in which nascent vDNA is 'wrapped', and the final processing of nascent 110S particles to stable, mature virions.
As far as replication of parvovirus DNA is concerned, several models have been developed (Tattersall & Ward, 1976; Rhode, 1978 a; Ward & Dadachanji, 1978; Berns & Hauswirth, 1979) . They all make use of the fact that the single-stranded genome of parvoviruses can form a doublestranded palindromic sequence at the 3' end which can then serve as a primer in synthesis of the complementary strand. Moreover, multimeric DNA structures consisting oftandemly arranged and covalently linked plus and minus strands have been suggested to form a necessary intermediate in the synthesis of progeny viral DNA. It is impossible to discuss briefly the advantages and the disadvantages of the various models in detail. Yet, it has to be emphasized that our experiments, which allowed the isolation of labelled nascent vDNA after extremely short pulses, provide no evidence suggesting the involvement of DNA molecules longer than genome size. These should be present if the concept of the 'rolling hairpin' introduced by Tattersall & Ward (1976) is relevant in one or another way. Rather, our results argue for a semiconservative, unidirectional displacement synthesis of progeny ssDNA strands from a monomeric, linear dsRF DNA molecule (see Fig. 4 ).
According to Rhode (1978 b) , initiation of replication of parvovirus D NA depends on the concomitant synthesis of viral proteins. In contrast, synthesis of progeny ssDNA occurs both in the presence of inhibitors of protein synthesis (Buller & Rose, 1978; Myers & Carter, 1980) and also in our in vitro system which evidently is devoid of protein synthesis. It seems to be driven, however, by the association of nascent progeny strands with pre-existing viral capsid proteins (Rhode, 1976) . Tattersall & Ward (1976) have used the concept of an association of capsid proteins with a specific sequence at the 5' terminus of nascent ssDNA of negative polarity to explain its asymmetric synthesis and selective encapsidation. This model may be still feasible for the assembly of autonomous parvoviruses like minute virus of mice and H-l, both of which encapsidate almost exclusively ssDNA of negative polarity. It may also apply to the separate encapsidation of plus and minus DNA strands in the case of the helper virus-dependent adenoassociated viruses. There, a symmetrical arrangement of terminal nucleotide sequences is found in the virus genome (Berns & Hauswirth, 1979) . The autonomous parvovirus LuIII, however, apparently encapsidates plus and minus ssDNA strands in about equal amounts (Majaniemi et al., 1981; Muller & Siegl, 1983 The recent observation that nascent LulII DNA is covalently linked to what appears to be a terminal protein (Muller & Siegl, 1983 ) might be helpful in explaining the indiscriminate encapsidation of strands of either polarity. On the other hand, the terminal protein may only be necessary to condense viral DNA into a pre-existing capsid structure. Its loss from the virus genome shortly after encapsidation then could be directly related to the rearrangement of the capsid of the nascent 110S particles, i.e. to a process eventually leading to the generation of the stable virion. Gautschi et al. (1976) have observed that viral polypeptides can be extracted from nuclei of LulII-infected cells almost exclusively in the form of empty capsid structures. The absence of viral polypeptides sedimenting at < 70S in homogenates prepared from LulII-infected, Brij-58-lysed cells (Fig. 6 and 7 ) is in accordance with this finding. Electron microscopy of NP complexes, however, indicates that the capsid-like structures associated with viral replicating DNA apparently are much more labile than the very rigid'empty' particles commonly recovered in harvests of parvovirus-infected cells. Ballooned capsids, particles of irregular outline, as well as structures resembling fragmented capsids are visible in electron micrographs. In the light of very recent data concerning the morphogenesis of picornaviruses, the existence of labile empty protein shells may facilitate our understanding of the process of DNA encapsidation. As for many other viruses (Baumgartner et aL, 1979; Tibbetts & Giam, 1979) , stable empty capsids or 'procapsids' have been assumed to represent a necessary intermediate in the morphogenesis of picornaviruses (Rueckert, 1976) . Marongiu et al. (1981) have, however, provided reliable evidence that these structures in fact do not exist in poliovirusinfected cells. Rather, they are artificially generated from labile procapsid structures in the course of extraction and purification.
Our protein data also indicate that the 110S particles released from the NP complexes within 1 to 2 h after assembly still consist predominantly of the 67000 dalton capsid polypeptide. This polypeptide is characteristic of the empty capsid of LulII virus (Fig. 7) (Majaniemi et al., 1981) . Therefore, the 'tailoring' of viral polypeptide and the presumably associated definitive assembly of the virus capsid seem to take considerably more time, or cannot be achieved at all, in the in vitro system. Paradiso (1981) has presented evidence that the efficiency by which the 67000 dalton capsid polypeptide is converted into the 63 000 protein may vary with the host cell system. For parvovirus H-1 in NB cells this conversion was complete, at a level of about 64 ~, only after 24 h. This study was supported by grant no. 3.943.0.80 of the Schweizer Nationalfonds.
